It Is known that vitamin D is a key regulator of bone metabolism [1] . Vitamin D deficiency decreases intestinal calcium absorption, leads to secondary hyperparathyroidism, and accelerates bone loss [1] . In epidemiologic studies, vitamin D deficiency has been associated with a lower bone mineral density, decreased muscle strength, and an increased risk of falls [2] [3] [4] . There is contradictory evidence on the association between vitamin D deficiency and osteoporotic fracture incidence. Many prospective cohort studies have reported that low serum 25-hydroxyvitamin D [25(OH) D] levels were associated with osteoporotic fractures in the elderly [5] [6] [7] [8] [9] , while others have not [10, 11] .
disease in patients with diabetes mellitus [12] . Previous studies have shown that type 2 diabetes patients have an increased risk of fractures despite a higher bone mineral density (BMD) [13, 14] . Factors leading to fractures in patients with diabetes include a weakening of bone quality due to the accumulation of advanced glycation end products (AGEs) resulting from high blood sugar [15] , an increased risk of falling due to advanced age, impaired balance, cardiovascular disease, and peripheral neuropathy [13, 16] .
There is sparse evidence on the association of vitamin D status and osteoporotic fracture in diabetic patients. Therefore, we evaluated the prevalence of radiographic vertebral fracture in patients with type 2 diabetes and analyzed its association with serum 25(OH)D levels. deformity (SQ) scoring system [17] . An SQ score of 0 was assigned to normal vertebra; mild grade 1 deformity was defined as a 20-25% reduction in the anterior, middle, or posterior vertebral height; moderate grade 2 deformity was defined as a 25-40% reduction in any height; and severe grade 3 deformity was defined as a 40% reduction in any height. A prevalent vertebral fracture was defined as more than grade 1 deformity.
Statistical analysis
Statistical analysis was carried out using SPSS for Windows (v 11.0, SPSS Inc., Chicago, IL). Baseline characteristics were compared using t test for continuous variables and χ 2 statistics for categorical variables in men and women, separately. The prevalence of vertebral fracture was compared based on vitamin D status using ANOVA. Logistic regression analyses were performed in order to determine the association between prevalent radiographic vertebral fractures and vitamin D status in men or women, respectively. The first model was adjusted for age and the second for duration of diabetes, use of insulin, thiazolidinedione, and statin, stroke, coronary artery occlusive disease (CAOD), presence of nephropathy, and neuropathy. Covariates included in the final regression model were age, duration of diabetes, use of insulin, thiazolidinedione, and statin, stroke, CAOD, presence of nephropathy, neuropathy, BMI, falling history, smoking, alcohol consumption, and regular walking.
Results

Baseline characteristics
The characteristics of study subjects are displayed in Table 1 . The average age was 65.2 ± 7.3 years, with a range of 49-88. In total, 56 subjects (16.4%) had one or more radiographic vertebral fractures. Five percent had one or more mild vertebral fractures and 11.4% had moderate or severe vertebral fractures. The prevalence of stroke, CAOD, and peripheral artery occlusive disease (PAOD) was similar in both groups. The prevalence of radiographic vertebral fractures was similar in men and women. The history of previous osteoporotic fractures was lower in men compared to women (11 Patients were excluded if 1) they had a history of osteoporosis medication for more than 6 months (bisphosphonate, raloxifene, or calcitonin), 2) they had other diseases, such as rheumatoid arthritis, malignancy, renal dysfunction (serum creatinine >1.5mg/ dL in men, >1.4mg/dL in women), or Paget's disease, or 3) they were taking glucocorticoid. The study was approved by the Institutional Review Board of Kwandong University College of Medicine, Myongji Hospital and all enrolled patients provided written informed consent. A total of 341 patients with type 2 diabetes mellitus were enrolled.
Clinical evaluation and laboratory measurements
Clinical characteristics were collected, including age, duration of diabetes, current and past medication usage, smoking habits, alcohol consumption, and concomitant disease. All patients underwent a physical examination to measure their height and weight. The grip strength was measured by a hand dynamometer (Lavisen ® , Hanam, Korea) on the right hand, using the maximum of two readings. Fasting morning blood was collected. Plasma glucose, total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol, calcium, phosphorus, creatinine, aspartate aminotransferase, alanine aminotransferase, and HbA1C were measured. Serum 25(OH)D concentration was measured by chemiluminescence immunoassay (CLIA, Roche Diagnostics, Penzberg, Germany). The coefficient of variation for 25(OH)D was 7.3%. Serum 25(OH)D levels were categorized using commonly used cutoff points (< 20 ng/ mL, 20-29.9 ng/mL, ≥ 30 ng/mL).
Regular walking was indicated as "yes" for subjects who walked for >30 min at a time and > 5 times/wk regardless of the type of walking. Alcohol drinking was indicated as "yes" for subjects who consumed at least 3 glasses of alcohol at a time and > 3 times/wk. History of previous fractures was indicated as "yes" for subjects who had a history of non-traumatic clinical vertebrae, wrist, humerus, lower leg, or hip fractures. Falling history was indicated as "yes" for subjects who had a history of one or more falls within the past 6 months.
Vertebral fracture assessment
All patients underwent lateral plain radiographs of the thoracolumbar spine. The vertebral fracture was assessed using the visual semi-quantitative vertebral no relation between severity of vertebral fractures and vitamin D status in men or women (Table 2) .
Logistic regression analysis
As expected, aging was significantly associated with an increased risk of vertebral fractures. In a logistic regression model, the risk of fractures associated with age (OR 1.11, 95% CI 1.01-1.22 for men; OR 1.13, 95% CI 1.05-1.22 for women) after adjustment for multiple risk factors included vitamin D status.
Compared with the reference group of 30 ng/mL or higher, the risk of vertebral fractures increased signifi-D levels were categorized using commonly used cutoff points (< 20 ng/mL, 20-29.9 ng/mL, ≥ 30 ng/mL). We observed an inverse association between 25(OH)D levels and the prevalence of vertebral fractures in men, not in women. Men with a serum 25(OH)D concentration greater than 30 ng/mL showed a lower prevalence of vertebral fractures compared to those with 20-29.9 ng/ mL or those with less than 20 ng/mL (9.4% vs. 17 
Discussion
The present study demonstrated that men with serum 25(OH)D concentration of less than 20 ng/mL had a significantly increased risk of vertebral fractures compared to those with greater than 30 ng/mL, while no association was observed for women.
Our findings are consistent with many observational or prospective cohort studies. Cauley and colleagues [25] , based on a growing body of evidence indicating that secondary hyperparathyroidism is increasingly common as 25(OH)D levels decline below 30 ng/mL [26] .
As for serum 25(OH)D level in Korea, Choi and colleagues [27] have reported that vitamin D insufficiency (defined as serum 25(OH)D level of less than 20 ng/ mL) was found in 47.3% of males and 64.5% of females in a nationwide study. Our study revealed only 26.7% of subjects with a serum 25(OH)D level of less than 20 ng/mL. The discrepancy might be attributed to the fact that the majority of study subjects were assessed during summer. Serum 25(OH)D levels during summer are significantly higher than levels for other seasons because of seasonal variations. Other possible reasons for the discrepancy may be related to differences in the population studied. In our study, the subjects were selected from the diabetes clinic at a general hospital, and they are different from the general population.
Our study has several limitations. First, analyses were cross-sectional in design that demonstrated associations, not causal relationships. Second, we did not measure parathyroid hormone, which could contribute to the relationship between serum 25(OH)D levels and vertebral fracture. Third, because we did not examine BMD in the lumbar spine, we were unaware of whether the association between low 25(OH)D levels and vertebral fracture was mediated by BMD.
In conclusion, we have demonstrated that low serum 25(OH)D levels were associated with an increased risk of vertebral fractures in men with type 2 diabetes, not in women. Our findings suggest that low serum 25(OH)D levels may help to identify diabetic patients who are at high risk of vertebral fractures, especially in men.
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the OFELY study performed in France, radius bone mineral density (BMD) loss or fracture risk was not associated with 25(OH)D levels in healthy postmenopausal women. They suggested vitamin D status may not be an important determinant of bone health [10] . Roddam and colleagues also did not find any association between plasma 25(OH)D and fracture risk in a UK cohort study [11] .
Several possible mechanisms whereby vitamin D deficiency may influence osteoporotic fractures have been suggested. First, low levels of serum vitamin D have been associated with muscle weakness and a higher risk of falls among the elderly [3, 4, 18] . A randomized trial and a meta-analysis have shown that vitamin D and calcium supplementation reduced the risk of falling [19, 20] . In our study, men with serum 25(OH) D levels below 20 ng/mL had lower hand grip strength compared to those with 20-29.9 ng/mL or those with more than 30 ng/mL after adjusting for age (26.4±1.4 kg vs. 31.7±1.8 kg vs. 33.9±0.9 kg, p for trend=0.001), while no association was observed for women (Data not shown). Second, vitamin D deficiency can lead to secondary hyperparathyroidism, accelerating bone loss, and low bone mass. Previous studies have indicated positive relationships between serum 25(OH)D and BMD in both younger and older adults [2, 21] . Additionally, one study has reported that high bone resorption may be an important mechanism for the association between low 25(OH)D and hip fractures [22] .
It is well established that patients with type 2 diabetes have an increased risk of fracture, which is mainly attributable to the increased risk of falling. In the present study, there was no association between falls and vertebral fracture in men or women. In addition, hyperglycemia and glucosuria were positively correlated with a urinary excretion rate of calcium [23] . McNair et al. has also showed that low intact PTH levels were correlated with high glucosuria and hypercalciuria [24] . These observations suggest that parathyroid function in diabetes may affect bone metabolism with a negative net calcium balance. Therefore, low vitamin D status in diabetes may accelerate negative calcium
